Ewe performance was compared for five pure breeds of sheep (Finnsheep, F; Rambouillet, R; Dorset, D; Targhee, T; Suffolk, S) and the crosses in development of two maternal composite lines (C1 = IAF 88188 and C2 = IAF 88188 The data involved 10,959 breeding season records of 4,219 ewes by 412 sires. Ewe production and the components (fertility, litter size, neonatal and preweaning lamb survival and mean lamb weaning weight) were adjusted for age and standardized across season of lambing and years. The D and F ewes produced more weight of lamb/ewe exposed than R, S and T ewes because of higher D and F fertility, higher D lamb survival and larger F litters. First cross and inter se generations of C1 and C2 ewes averaged 17 to 27% higher fertility than the parental mean. Litter size averaged about one lamb higher for F than for other pure breeds, but only slightly higher for C1 and C2 than for the mean of F and other breeds. Lower neonatal survival for F than for other breeds and crosses was associated with the larger F litters and with 2 to 8% positive heterosis in the crosses. Preweaning survival of suckled and nursery lambs was low for F and S and positive heterosis ranged from 9 to 19% in crosses. Mean lamb weaning weights were highest for S, lowest for F, with little heterosis in crosses. Crossbred ewes reared .3 to .4 more lambs than mean for parental pure breeds. Heterosis in C1 and C2 ranged from 11 to 28% for lambs born, 27 to 43% for lambs weaned and 29 to 44% for weight of lamb weaned/ewe exposed. Decline in heterosis with inter se mating of crosses was no greater than expected from the reduction in predicted heterozygosity.
Introduction
Crossbreeding has long been used to combine breed attributes and utilize heterosis to increase production (Rae, 1952; Bowman, 1966; Terrill, 1974) . The availability of breeds with performance characteristics markedly different from traditional indigenous breeds, especially in reproduction, has renewed interest in breed evaluation and crossing experimentation in many countries. Extensive summaries have been reported for performance of Finnsheep in Finland and elsewhere (Maijala and Osterberg, 1977) , Finnsheep crosses in the United States (Dickerson, 1977) , prolific breed crosses in Europe (Jakubec, 1977) and from French experiments, mainly involving the Romanov and its crosses (Ricordeau et al., 1978) . In all reports, the prolific • indigenous F1 crossbred ewes have markedly excelled indigenous pure breeds and their crosses in early sexual development, fertility and litter size. Lamb survival has sometimes been lower for prolific-cross than for indigenous ewes, associated with larger litters from prolific-cross ewes. Dickerson (1977) concluded that the use of 1A Finnsheep commercial ewes mated with meat-breed sires could reduce ewe costs/kg of market lamb by 20 to 25% compared with use of indigenous United States crossbred ewes, primarily because of about 50 more lambs/100 ewes exposed. Under poor range conditions, severe climatic exposure at 301 JOURNAL OF ANIMAL SCIENCE, Vol. 58, No. 2, 1984 lambing, or when industry acceptance is otherwise limited because of poorer wool production, lamb survival or carcass characteristics, 88 Finnsheep ewes have been advocated for industry use (Hanrahan, 1977; Smith et al., 1979) , but Dickerson (1977) points out that 89 Finnsheep ewes have a clear production advantage in market lamb production when ewe nutrition and lambing husbandry are reasonably adequate.
One approach in utilizing both complementary breed differences and crossbreeding heterosis to improve efficiency of market lamb production is development of composite strains. Breed composition of composite strains can be chosen to achieve a balance of genetic characteristics best suited to a given production-marketing system. A composite strain also might be expected to excel the mean performance of parent breeds because of the higher expected level of heteroxygosity (i.e., more intermediate gene frequencies) at loci partially dominant for favorable effects on performance, even when bred inter se. Greater expected genetic variability and higher reproduction rate also could contribute to more effective continued selection in the composite, and the breeding system would be simpler than the alternative of producing first crosses every generation. However, theory (Dickerson, 1969 (Dickerson, , 1973 Sheridan, 1981; Hill, 1982; Kinghorn, 1982) and some experimental evidence (Dickerson, 1969; Nitter, 1978; Sheridan, 1981) indicate that loss of parental epistatic superiority could reduce performance in advanced generations of composites below that otherwise expected from the proportion of crossbred heterozygosity retained in the composite. Also, the extensive evidence concerning crossbreeding heterosis in sheep (review by Nitter, 1978) includes little concerning heterosis in crosses with highly prolific breeds and especially the degree of heterosis retained during the inter se matings of such crosses in the formation of composite populations.
The present study was conducted to compare components of ewe performance for Finnsheep, four indigenous breeds and the early generations of two ~A Finnsheep composite populations as potential maternal stocks in market lamb production.
Materials and Methods
Sheep. The data were collected at the Roman L. Hruska US Meat Animal Research Center, Clay Center, NE from ewes mated to lamb in 1976 to 1979. The data comprise five pure breeds of ewes, Suffolk (S), Rambouillet (R), Dorset (D), Targhee (T) and Finnsheep (F), and various crosses in the development of two composite dam lines (C1 = 89188188 and C2 = 89188188 The data included 4,219 ewes by 412 sires, with a total of 10,959 breeding season records. Details concerning origin of the flocks, crossing plan, selection policy, numbers of ewes in various breed-year-seasons and adjustment for age and year-season effects were presented by Fogarty et al. (1984) .
Management. Most ewes were exposed to rams at 8-mo intervals to lamb in January, May and September. In 1978 and 1979 , some groups of ewes were exposed at 12 mo intervals to lamb only in April. About one-half of the ewes of each breed group mated in April to lamb in September of 1976 September of , 1977 September of and 1978 were subjected to hormone treatment to induce out of season estrous activity (Fogarty et at., 1984) .
Selection Policy. Culling of females in all lines was based on gross abnormalities, failure to lamb by 2 yr or in two later successive springs, and age. Rams were selected within sire families from multiple-birth litters on adjusted weight and freedom from physical defects (Fogarty et al., 1974) . In a given year-season, some ewes exposed to rams will have no values for some of the six component traits (e.g., no lambs born or none weaned and weighed), but all ewes exposed will have a value (zero or positive) for each composite trait.
Individual lamb weaning weights were adjusted to 42 d of age using individual average daily gain. Age-adjusted weaning weights of ewe lambs were increased to ram lamb equivalents by adding 5.9%, based on analysis of weaning weights (Fogarty et al., 1984) .
There was considerable variation in ewe performance between seasons and years and also from age of ewe, hormone treatment and lambing interval (Fogarty et al., 1984) . To account for these effects as well as heterogeneity of variance between seasons and years, the ewe traits defined above were adjusted to a 3-yr-old ewe equivalent and then standardized across all year-seasons (Fogarty, 1981) . Linear and quadratic regression coefficients were used to adjust for age of ewe, and within season regressions were used for traits with significant age • season interactions. Age of ewe was calculated on a daily fractional basis up to 3 yr and in whole years thereafter. For all ewes exposed, the age at expected lambing time averaged 2.7 yr, but was younger for the first two generations of C1 and C2 than for the pure parent breeds (table 1 in Fogarty et al., 1984) . The overall mean and standard deviation for each adjusted trait is shown in table 1.
The age-adjusted traits were then standardized as follows:
where Yij = standardized, age-adjusted value of the trait for the i th ewe in the jth yearseason; Xij = age adjusted value of the trait for the i th ewe in the jth year-season; X.j= mean age adjusted value of the trait for all ewes in the jth year-season; mean age adjusted value of the trait for all breed-year-seasons; standard deviation of the age adjusted trait in the jth year-season; pooled intra breed-year-season standard deviation of the age adjusted trait for all ewes.
Because hormone treatment affected September lambing performance significantly in 1976, 1977 and 1978 , separate values for X'I and Sj were used for hormone-treated and untreated ewes. There was a small but significant increase in fertility, and the other traits for which fertility is a component, for ewes joined to lamb at a 12-mo or longer compared with an 8-mo interval (Fogarty et al., 1984) . The increases in age-adjusted standardized performance were .04, .16, .07, .11, .42 and .71 for EL, LBE, LWE, LWNE, WWE and WWNE, respectively. These values were used to adjust standardized traits to a 12-mo lambing interval equivalent.
The Statistical Analysis System general linear model (SAS, 1979) , used to analyze the unstandardized ewe performance traits to obtain regression coefficients for age of ewe adjustments, was of the form: Yijkm = /2 + B i + Sj + T k + BSij + BTik + STjk + blA + b2A 2 + eijkm, where Yijkm is the value of the trait for the m th ewe of the i th breed (B) in the jth season (S) in the k th year (T) of lambing; /a is the overall mean, capital letters indicate the main effects and two-way interactions; bl and b2 are the partial regression coefficients for the linear and quadratic effects of age (A) of the ewe at lambing time; and eijkm is the residual combining any three-way interactions and variation within breed-season-year subclasses.
Standardized traits were analyzed with a model that included only breed effects to estimate breed means and heterosis, using all available observations across years and seasons. Heterosis for each cross was calculated as the deviation from the mean of parental breeds (weighted by their contribution to the composite) and expressed as a percentage of the parental mean. The within-breed error mean squares used to calculate standard errors of breed means include the appropriate sire/breed and interactions of breed and sire/breed with years and seasons, but also the expected smaller within-sire error. This does not bias estimates of breed or heterosis effects but does underestimate their sampling errors. However, the analyses used to estimate genetic parameters (Fogarty, 1981) did fit sires/breeds and were used to obtain appropriate standard errors for heterosis effects.
Results

CI Crosses.
Means for the generations of C1 crosses and their parental breeds, and the corresponding estimates of heterosis, are shown in tables 2 and 3. All crosses were superior to pure breeds in fertility (EL), and F and D were higher than R. Heterosis in EL was positive and highly significant (P<.O1) for all generations of crosses, ranging from 17 to 20%, with little indication of decline from first cross to C11 and C12 generation ewes. Litter size (LB) was 2.55 for the F, about 1.0 lamb less for the R and D and just over 2.0 for all the crosses. Thus, heterosis for LB was 3.6% (P<.05) for Cll, but nonsignificantly negative for C12 ewes. Despite their larger litters, neonatal survival (LA/B) was as high for the crosses as for R and D, and noticeably higher (P<.O1) than for F ewes, amounting to 5 and 4% heterosis (P<.05) for Cll and C12 generations. Preweaning survival (LW/A) was relatively low for the F, even when nursery lambs were included (LWN/A), was highest for the D, was intermediate for the R and was noticeably above parental mean for the crosses (P<.01 except <.05 in FX). Heterosis ranged from 11 to 16% for LW/A and from 9 to 11% for LWN/A, even though litters from crossbred ewes were slightly larger. Mean lamb weaning weight was 3 kg less for F than for R and D for both suckled (WW) and total (WWN) lambs (P<.01). All generations of crosses were intermediate and similar, and heterosis was negligible, for mean lamb weaning weight. Number of lambs weaned on the ewe/ewe lambing was 1.49, 1. the 23, 30 and 23% heterosis in number of lambs reared on the crossbred ewes probably countered expression of any heterosis for growth to weaning in their crossbred lambs. The combined ewe production traits are products of the component traits. Heterosis was large and highly significant for all combined traits in all generations of crosses (table  3) . Crosses were similar to the F ewes in lambs born/ewe exposed (LBE), and far above D and R ewes. Heterosis ranged from 21% in FX and Cll to 11% in C12 generations. Heterosis in lamb survival raised corresponding heterosis in lambs weaned on the ewe/ewe exposed to 41, 45 and 36%. Inclusion of nursery-reared lambs (LWNE) improved the F ewes more than others, and hence the parental mean, thus reducing heterosis to 36, 37 and 27%. Heterosis for weight of lamb weaned/ewe exposed either on the ewe (WWE) or including nursery lambs (WWNE) was very similar to corresponding heterosis for number of lambs weaned by each cross, as expected from lack of heterosis expression in size of lambs weaned in the larger crossbred litters.
C2 Crosses. Means for the C2 crosses and their parental breeds, together with percentages of heterosis, are shown in tables 4 and 5. All crosses were similar and clearly superior (P<.01) to the pure breeds for fertility (EL). Fertility was highest for F and lowest for T pure breeds (P<.01). Fertility of the T ewes was depressed, to some extent, because of their lower fertility for lambing in January and September in 1976 and 1977, relative to the other breeds (Fogarty et al., 1984) . Heterosis in fertility varied from 21 to 27%, and there was no indication of a decline in heterosis from first cross to C22 generation ewes. Again, litter size (LB) of the F (2.55) was about 1.0 lamb above S and T ewes, and crosses were intermediate at just over 2.0 lambs. The 89189 ewes were .15 lambs above the 1AF1/2T, and together averaged 3.6% (P<.05) above the parental mean, but heterosis for litter size was negligible in the C21 and C22 crosses. Crosses were slightly higher than the pure breeds for neonatal survival (LA/B). Again, the lower lamb survival at birth for F ewes depressed the parental mean and contributed to some heterosis in the C21 and C22 (P<.05) generation ewes. The poorer neonatal survival for the 89189 was associated with their larger litters at birth. Preweaning survival on the ewe (LW/A) was much higher for crosses than for pure breeds (P<.01); S and F ewes were very low, partly because a larger proportion of F lambs were removed to the nursery. However, S ewes weaned 10% fewer lambs than Again, numbers of lambs weaned on the ewe were 1.40, 1.55 and 1.49 for first-cross, C21 and C22 ewes, respectively, compared with the pure breed mean of 1.14 lambs (F = 1.27, S = .96 and T = 1.04). Thus, the large litters reared by crossbred ewes would have reduced expression of heterosis for preweaning growth rate in the crossbred lambs reared by crossbred ewes.
Heterosis was important for all of the combined ewe production traits in all generations of C2 crosses (P<.01 except <.05 for C22, table 5). Heterosis for lambs born/ewe exposed (LBE) declined, but not significantly, from the first cross to the C22 (28 to 17%). Heterosis for suckled lambs weaned/ewe exposed (LWE) ranged from 45 to 55%, but was reduced to 38 to 43% when nursery-reared lambs were included (LWNE). Again, heterosis for weight of lamb weaned/ewe exposed (WWE and WWNE) was similar to that for the corresponding numbers of lambs weaned, and ranged from 37 to 51% for WWE and 31 to 44% for WWNE. Tables 2 through 5 are from the same analysis and hence, breeds can be compared between tables. The F• D cross produced more weight of lamb (15.2 kg)/ewe exposed (WWNE) than any other cross, although only the differences from F• R, 89189 and C22 approached significance (P~,.05). The superiority of the F• was due mainly to a combination of high fertility, litter size and neonatal survival. The poorer performance of other crosses was due to combinations of poorer fertility with lower litter size and neonatal survival for the F• with lower neonatal and preweaning survival for the 89189 and with lower litter size for the C22. Among pure breeds, the D (10.7 kg) and F (10.3 kg) were higher (P<.01) than the R and T for WWNE, and the D was also higher (P<.05) than the S. The difference between the S and T approached significance (P<.10). The high overall performance of the D was due to relatively high fertility and lamb survival. Litter size and fertility were sufficiently high in F ewes to compensate for their lower lamb survival and weaning weights. The poor performance of T ewes was caused mainly by very low fertility. The high mean weaning weight for the S ewes compensated to some extent for their poor preweaning lamb survival.
Discussion
Results presented in this paper represent ewe performance adjusted to a 3-yr of age basis and standardized over various seasons of lambing and years. Hence, absolute values for performance of individual ewe breeds are useful mainly to allow comparisons among breed types using all of the data. The one lamb advantage in litter size born of F over other pure breeds and the smaller advantage in fertility are similar to results reported elsewhere (Jakubec, 1977; Oltenacu and Boylan, 1981a) . The high performance of the F-cross ewes relative to the indigenous pure breeds in fertility, litter size, lamb survival and composite traits is also similar to other reports (Dickerson, 1977; Jakubec, 1977; Oltenacu and Boylan, 1981a,b) . Oltenacu and Boylan (1981b) reported a considerably greater total weight of lamb weaned/ewe exposed for purebred F than for the F crosses (38.4 vs 27.8 kg for 2-yr-old ewes), contrary to our results. However, Oltenacu and Boylan (1981b) adjusted lamb weaning weights to a single-reared equivalent, which would have greatly overestimated total weight of lamb actually weaned by the F because of their much higher litter size weaned (2.3 vs 1.6 for the 2-yr-old ewes; Oltenacu and Boylan, 1981a) . Additionally, a much higher proportion of lambs from F ewes (19 lambs from 28 ewes) were nursery-reared compared with those from F-cross ewes (22 lambs from 156 ewes; Oltenacu and Boylan, 1981a) . These nursery-reared lambs were adjusted to 70 d of age and included in the total weight of lamb weaned, but presumably were not adjusted for type of birth or rearing. In our data, a similar higher proportion of lambs were nursery reared from F than from F-cross ewes, weights were adjusted to the younger age of 42 d and weights of nurseryreared lambs were only 62% of those for lambs suckled.
Relative to maximum first cross increase in heterozygosity (100%), that for the various generations included in this study would be 75% and 62.5% for Generation 1 and 2 ewes. For traits involving progeny as well as ewe performance, such as lamb survival and growth, heterosis potentially includes both individual (hi), maternal (h M) and grandmaternal (h GM) components. Also, recombination loss of parental breed epistatic superiority may contribute to a reduction in both maternal (r M) and individual (r I) performance in successive generations of inter se mating. Paternal heterosis (h P) and recombination effects (r P) could also affect traits such as fertility, because purebred ewes were mated to purebred rams and crossbred ewes to crossbred rams. Thus, expected changes in mean crossbred ewe performance over the weighted parental mean for the various crosses in this study could include (Dickerson, 1973 Differences between reciprocal first-cross ewes (e.g., FR vs RF) were assumed negligible.
Performance for each component and for composite traits was standardized across years and seasons to permit estimation of breed differences and heterosis for all generations of crosses, and of average ewe performance unbiased by season of lambing and age. Heterosis for C1 and C2 crosses was high for fertility (17 to 27%) and preweaning survival (9 to 19%) as a trait of the ewe, lower for neonatal survival (2 to 8%) and only slightly positive for litter size of first cross and Cll or C21 ewes and for their mean lamb weaning weights (tables 2 and 4). Because the crossbred ewes suckled a higher number of lambs to weaning than the mean for parent-pure breeds (e.g., 1.56 vs 1.22 in C1), expected heterosis for growth per se of the crossbred lambs and for milk production of the crossbred ewes was offset by the more competitive nursing environment.
The 17 to 27% heterosis for fertility found in this study was considerably higher than the average value of 9% summarized from the literature by Nitter (1978) , even if estimated embryo heterosis contribution is included (3%; Nitter, 1978) . The low overall 70% level of fertility in this study and the 100% upper limit on fertility could have caused scaling increases in the level of heterosis. Any paternal heterosis for ram fertility (Parker, 1971; Dzakuma et al., 1982) also would have contributed to the high level of heterosis for ewe fertility. More than 25% of the breeding records reported in this study were for ewes less than 1 yr of age, and Nitter (1978) noted that heterosis estimates for fertility were highest for young ewes. He therefore concluded that maternal heterosis for fertility includes some heterosis for sexual maturity. The 13 to 27% level of heterosis for survival of all lambs born in the present experiment was similar to literature estimates (Nitter, 1978) , especially if both individual and maternal components of heterosis are included. Few reports in the literature have shown more than the minor levels of heterosis for litter size in the present study. Heterosis for total lambs born and weaned and total weight of lamb weaned/ewe exposed was high (29 to 44% for WWNE) and demonstrated the cumulative nature of component effects. The high level and cumulative nature of maternal heterosis effects on total ewe output characterized the literature summarized by Nitter (1978) , although less extreme than in the present study.
The level of heterosis for C2 crosses tended to be slightly higher than for C1 crosses for most components and for total ewe output. However, this difference arose solely from poor performance of the purebred T ewes, because C2 crosses actually were slightly below C1 in WWNE. The exceptionally poor fertility of T ewes, especially in the early and very late matings for January and September lambing, was primarily responsible.
The lack of any greater decline in performance with advancing generations of each composite cross than could be explained by the expected reduction from first cross heterozygosity suggests that loss due to recombination effects was unimportant. Thus, development of composite dam lines to utilize breed combinations and part of crossbreeding heterosis for commercial lamb production, without the expense of maintaining purebred lines for continual production of F1 ewes, may be feasible (Dickerson, 1973) . However, a later analysis of more extensive intra-year comparisons of C1 and C2 inter se generations and parental breed ewes will provide better evidence concerning the proportion of initial first-cross heterosis retained in advanced generations of composites derived by crossing prolific F with the R, D, S and T breeds.
